2249439 AN ELECTRIC CIRCUT MODULE FOR SUPPLYING CONTROLLED FREQUENCY
ELECTRI C POAER TO A LOAD. The present invention relates in gengralyst o an
Electrical circuitry and nore particularly-to a ciftcuit nodule for
supplying electric power of a desirably controlled frequency to a | oad
such as-an electric notor, which is appl i cabl e, for exanple, to a frequency
copversion circuit. Cenerally, a priof -~art frequency conversion
tircwkt is known as disclosed i.n Japanese Patent Publication No. 62- 42472
publ i $hed S¢pt epeerr8c 1WIRCUITheMODULEI t FORS CrSURRLY ING heCARDROLBEDI oned
- publ i cati CHTrES =TT TS T eI o EENt S TOr cnanging tne airection in
“which a pUFRROUBENCYUELEQTRIS PaWERe®ocAnEOADuUted all of thyristor el enents,
and a desiTEOTT RSNy TS obtained rromcontrol ling .an ignition tining of
the thyristors. Such prior art conprises a single thyristor nodule
“containing a pIurallty of thyristors for _directly controlllng power
principally, a singhe: Rﬁ%ﬁﬁﬁtnﬁﬁﬁ?@téeﬁtﬁﬁ%ﬁﬁf%itﬁuﬁ&PPﬁ?%ﬁ %laﬂes for
rectification, a_drive circuit for the thyristars, ni ti.on t|n1ng
control c@é’éFFréFaihéﬂc‘Fﬁ/‘H?ﬁbr §ndS|’ﬁ%’éear?aéﬁ’lﬁ’f‘r—laEﬁé’r g?eg‘? sELECBAt he
thyristor 'is_utili t he prior a characteristic t rCU|t'
- aut onat i calPP u@@coﬁﬁgfofﬁugﬁ ¥+ﬂ92e?%38€5§§ tPﬁge%f af%ul%at?%é %%?}gh

be 'npressgﬁagaoéﬁgg ?ﬂga&@ncJ*%%C%rESLaOQu%B %&‘%ﬁméieE@rlﬁuhB%BE to the

load is ch
' which is appllcable, for example, to a frequency conver51on
' k;; f- " circuit.
( Generally, a prior art frequency conversion
circuit is known as disclosed in Japanese Patent Publication
No. 62-42472, published September-s, 1987. The circuit_
described in the aforementioned publicatioﬁ has circuir
_SWitehing elements for-changipg the direction in Whieh'a
pulsatihg-current is carried constituted all of thyristor
elements, and a desired frequency is obtained from
:eontrOlling an ignition tiﬁing of the'thyristors.
Such prior art comprises a single ﬁhyristor module
K*él containing a plurality of thyristors for directly
_”ccntrolling power principally,: a single diode module
containing a plurality of diodes for reetiflcation, a drive
circuit for the_thyristors,.aﬁd an'ignition timing cohtrol
" circuit of the thyristors. | |
| ' Since an ON/OFF characteristic of the thyristor is
utllized, "the prior art ﬁas a characteristic that the
circﬁit aﬁtomatlcally bécbmes'eff_at_the zero cross time of
a pulsating current to be impressed. . Accordingly, the
direction of an electrical current to the load is changed

qeherally at the zero cross point, a frequency of the



"generally at- the zero cross point, a frequency of the’ -2- alternating.

current generated fromthe frequency conversion circuit becomes one of the

i ntegral nunber of a frequency of the utilized AC power, and thus a =

continuity at the time of frequency wvariation .is not satisfactory, an.

. abnormal vibration ‘arises on .a load, or the load gets |ocked.

- ‘otherwi se.. Meanwhile, in ‘the case=-vhere the frequency conversion rf\-.,.

circuit is constituted of transistor elenments, an arbitrary frequency céﬁfar_

be gener apd¢ermatdngr cuny Y oEmarRhedIfran die LHRAUSNGH RPEFRIRSIOPOoVer

source for control will be necessary, at every transistor elenents, and thus -

the circuChricNdfi PEGIoPaseORtest| sh§einhegrad ARAPEENDFI RatEIANENCSae

time, and %he t hyr.i.stor nodul e and. di ode nodul e, are . cannect ed ?Py
0

lead wrERSHERYAa AQ RV, STt ORI KA 4 O GRS P ar ge
_pover fl O\r%?:et Qe Q: | %?aﬂ: jatMdf 18" no¥tf 's%%'sff%%ttto%{){n’ ar?ndabngrmal.
She ed e

significa omagneti ¢ noise is radia rom-t ead wire or Wring

Cince the "hriate: " aae SRl e arade modu oo eaae dees fiswedah
ot her, thgtgidrGHide nevitably beconmes large in size, ‘and a troublefree
operation and a | ow cost requirenent are not realized for the circuit. An
obj ect of the presemMedmuteilepn is tehprovhée where the frequency
.convefsion circuit is constituted of transistor elements, an
a'r.bJ'_.t_rary fr_equéricy can .b.e g.enerated', howe'\}er, a_n'.-ON/IOFF
control circuit.énd an independent power_soﬁrce.for control
: _will be ne_cessa'ry'at every t);janéistor .eiemel_'xts, and thus the
circuit inevifably gecoﬁés lérge”in_size and cémpliéated_at
_ the_same'time, and the thyristor module and thé diodé'module
are 'connected' by a. lead wire = or 'wiring'.paftefﬁ.
ACCordingly,-a pulsating current of large:power-flbws to the
 lead wire or - wiringi pattern, and a .significant
electroﬁagnetic noise is-rédiatéd_from the lead wire or
wifing_pattern,-thué_causing é noise on TV, audio equiphent .
and others. Then,'sincé thé‘thyristor'module and the diode N N~
module are separated from each ofher,_the circuit inevitably
becomes large in size, and a troublefree operation and a low
cost requirement are ﬁof realized fof the éircuit. |
" An object ef the pfesent invention_ié to.provide
~an_ electrical circuit .device for .supplying controlled
.fféquency ~electric power to ‘a load which_:permits
miniatufization'and enhaﬁcement of reliability. |
Another object of an embodiment of the invention
is to provide such a circuit device having a printed circuit

base molded integtally with plastics material.



an €lectrical circuit device for supplying controlled frequency .
electric power to a load- which permts mniaturization and
€nhancenent of reliability. Another object of an embodi ment of the
i.nvention is to provide.such a circuit device having a printed circuit base
nol ded integrally with plastics material . -3- An object of an enbodi nen
of .t he present invention is to provide 3 Tircuit nodul e of si npl e oo

B aab] e ot i S o b B g AR son "
circuit conprisj t hyri st ' d ifier:qj . '

o the p;%ga?mvsi%?em SR RE o ABEREE | Ship B CooRELGUuEEL 1 6h RRT caEERIL! N0
electric i i terj.als ' i . _ L
freq’uenc@‘i‘ e%lé)g{ari éﬁgﬁj\gr Hﬁpe;ézla%%g &%P%}é g?n&?&hﬁ?&l&%ﬁ%%ﬁgﬁ%s _a.
-thermal 'rXix?P&@ﬁ'fiéé{Eigﬁltéﬁd- aln Qﬁﬁhﬂ&eﬁ%hﬁuclt:ftﬁéﬂé’@iﬁitﬁ@ruélli@by{:ﬂﬁcuit

el ectric power to sal oad; input termnals for receiving A C. power for

an A C. QeMSFrisSoHgCehysigtats,! ekahBaksorkoandr eeetifier @ilodels. switching
signals; and electrical conductors connecting said output termnals, input
term nal.s and si gnatcbedihgaks tthef reserndti rinventidrerehere is provided
: a.cirguit-module molded by electrically insulating material for
supplying variably controlled frequency electfic power to a load
"comprising: | | | |
a substrate-blate 6f thermally conductive_matefial
“having output terminals for supflying electric powef tO'said-
load; |
o ~ input terminaIS'fbr receiving A.C. power for an A.c. :_
power_source; |
--signal_ terminals for receiving ON/OFF switching
.signals; and |
| gledtriCal con&uctors connecting said outpﬁt terminals,
input ﬁerminals and signal terminals to form a circuit, wherein
\\J' said'cifcuif includes: a converting.circuit means comprising a
| | plurality of rectifying diodes'eléctrically connected tOgether_
for rectifying said A;C. pover received via_said-input ternminals,
and a.bridge circuit means, iocated adjacent to and coupléd with
' said_céhverting circui£ means by electrical conductors, said
bridge circuit means and said converting means being'moldéd in
'said_circuit module, and said bridge circuit means comprising a.
-.plurality of semiconductor switching elements |
éonnected in a bridge form for_switéhing.ON/bFF in response to

said switching signals received via said Signal terminals,



said circuit includes: a convertlng circuit neans conpr|5|ng a pIurallty of

“rectifying diodes. el ectrically connected together for rectifying said A C.
. -power received via.said input terminals, and a bridge circuit neans,
| ocated adjacent. to and coupled with said convertlng circuit nmeans by

el ectri.cal . conductors, said bri.dge C|rc§|t ngags gnd sai d converti.ng neans__'
sai ri.dge circuit means N

‘being nolded in said. CIFCUIt nodul e

I t din
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supplied fo said signal tefrm nal a predete
~conbi nagheaining ehbatwieg peheet bldea@A%doffr‘éweh%@f%e ;] o‘%&tcgJ ed
output fromsaid converting circuit- means is transforned into electrl

power ofremi safldscoatektdngerdycirit waiathseligct ric power: is supplied from
said output-terminals to said |oad.- According to a further aspect of the

* present tranefiorpedt inte electpiovpdeer of sa:tctldémnmﬂlﬁﬁequﬁnﬂecandJ)Sald-'

electrically insulating material for supplying variably controlled

frequen%§e§¥§

- thermally conductive material for mounting a circuit thereon, wherein sai
circuit conprisesACCRTEIRGeta Ry TUTEIRY FeReRt cofpthei Pyeseptyiavent ism

rectif di odes electrl ally cqnnecgted ther for rectifying an A C
pomer,ygﬁ% e bed ed® &Y c1rcu1&--mog%ie molded by electrically

insulatlng materlal for snpplying.varlably controlled frequency_'u«
_ _ _ U

electric power to a load comprising:

EErPRVEBWF SUPRL lethfreonsaid aytpatsterninadsptatsaiod 1oad.'d"

a substrate plate of thermally conductlve materlal for'_

mountlng a c1rcu1t thereon,

whereln said -circuit comprises: a convertlng c1rcuit_

means comprising a plurallty of rectlfylng dlodes electrlcally_ .

connected together for rectlfylng an A.C. power, and a ‘bridge

circuit means, located.adjacent to and coupled with said cdnverting-_

circuit means by means of electrical conductors, said bridge
circuit means and said converting circuit means being molded in

said module, and -said bridge circuit means comprising a plurality

of arms, two of sald arms hav1ng two transistors or a thyrlstor and

-tran51stor connected in series so that an electric current

flows in a same direction,

wherein, when switching signals are supplied via-signal

terminals of said circuit module to said two transistors or

thyristorland transistor by a predetermined ON/OFF combination for

obtaining electric powerhof desired frequency, a rectified output-"

from said converting circuit means is transformed into electric

¥ -

power



circuit neans, |ocated adjacent to and coupled with said convertlng circuit.
means by neans of electrical conductors, said bridge circuit means and

sai d convertlng circuit neans being mol ded in said nodul e, and said bridge
circuit neans conprising a plurality of arnms, two of said arns having two
transistors or a thyristor. and transistor connected in series so t hat an

el gctric current flows in a sane di rectd an, wherein, when switching signals"
fre-supplied via signal ternminals of said circuit module to said two

transi st orse Ol i1 igedBireiNd fifeitieinglyOr aby aspiadeébestned PLWEF is
conbi nation:-for obtaining el ectric power of desired frequency, a rectified
out put froassl fedotyesaiagleadcuit neans is transformed into electric
power  -5- of said desired frequency and said electric power ‘is supplied
to said | oad. Enbodi Bboginéntheofr ddwentpresenti dnvendiode RuPwidet anc
‘circuit capable of supplying a S|ngle phase el ectric power and whjch
pernits aeiettrici zalrenikndcappkAcemeit GuRRAYiaS |idy %&n9h9rP§?§Fs
‘transistors and rectifier diodes, K An enbodj nent of theEBresent I nventi on

provi des ®¥SBFFICCIRMAT @S cubich sQﬁJ‘ﬂT’yfr%g 3| BLPEREURIRE P8 a28ad
R e Ta e
rectifier dlodes. |
An embodlment of the present 1nvent10n provides a
'hybrld c1rcu1t device for supplylng electrlc power to a load
comprising printed circuit base means, molded 1ntegra11y
With plastic resin, for supplying electric power to the
output terminals, a pluraiity of switching semiconductors
_forming a bridge circuit and adapted to provide ON/OFF
switching operation to supply electrlc power of a desired-
.-frequency, and a plurallty of rectlfler diodes for
"rectifying the‘AC.power and then feeding the'rectified power
to the switching semlconductors. The bridge circuit can
have arms each of which has a thyristor and a transistor
connected in series to the -thyristor. Alternatively, ‘the
brldge 01rcu1t can be formed with arms each having two
trans1stors that are connected together in series. In a
‘further emhodlment, 'a sensor 1is provided to sense
ltemperature'of the switching semiconductors.-.
| in the molded structure described'_ahove; a
radiation of electromagnetic noise will be prevented hy
‘shortening a lead wire or-wiring pettern through which a
1arge power flows, and the circuit cah also be minaturized
as e whoie.. |

In the single-phase frequency conversion circuit



out put tern1na|s a plurallty of sw tching sen1conductors forn1ng a brldge
circuit and adapted to provide OV OFF sw tching operation to supply
- electric power of a desired frequency, and a plurality of rectifier di odes
~for rectifying the AC power and then feeding the rectified power to the
- swi tching sem conductors. . The bridgeée circuit can have arms each’ of whi ch
has a thyristor and a transistor connecged in series to the thyristor. _~_
Al ternatively, the bridge circuit can be formed with arns each having twaZ
transi st orson#giuat edcameabede] ogeidiart ich SeFi eflectidndgididernoise
enbodi ment, 'a sensor is provided to sense tenperature of .the o
'swi t chi ng wihl chmlupreventied  biie shot tenlingt muclead wiseridedwialiage, a
radi ati on of el ectromagnetic noise will be prevented by shortening a | ead -
wire or wirdtgepat thraughr vbdiehwiai dirrgd geepofikows | oand the checuitcuit
can also be mnaturized as a whole. In the single-phase frequency
© conver si orF¥n r2l$e be mniggurized: 88 aswh®d®e, radiation of
el ectrromagneti c noi se mg d bg shortenlno a lead wire or mnrlng
pattern through which a : t can al so be

mniaturized as a whg I THE DRAW NGS Fi.gur.e 1 |s a
frequency conversi on %?rc Riﬁf §§§§§| Ag§ SonveEsion cireuit dia

for 111ustrat1ng an embodiment of the present ihvention,

pn 3} ._a

Figure 2 is a. dlagram 111ustrat1ng the case when
60 Hz output is obtalned through the c1rcu1t shown in Flgure a;)
1' . _
Figure 3 ‘is a diagram illustratihg.a 'zero crose
: eutput,
| Figure 4 is an'enlarged'diagfam showing ah output
waveform in one cycle, o | | o
| Flgure 5 is a dlagram show1ng ON/OFF state of a
photocoupler at every mode operation,
'_Flgures 6. and 7 are operational diagrams showing
a maih operation.of the controlling part.shown-in-Figure.ll B
Flgure 8 is a dlagram show1ng constant ‘data of. the
output frequency,_'
Figu;e 9 is a diagram illustrating-the.case_when
another frequency output is obtained,
| - Figure 10 is an electric 'ciredit ‘diagram
'representing the circﬁit'shown'in-Figure 1 by means of the
molded device shown in Figure 11 or 13, B
_Figure 11 is a hybrid circdit diagram of a molded
device to a conversion circuit-accofdihg to an embodiment of

the present invention,



for i'llustrating an enbodi nent of the present invention., Figure 2 is a
diagfamillustrating the case when 60 Hz output is obtained through the
Circuit shown in Figure 1, Figure 3 is a diagramillustrating a zero cross
output, Figure 4 is an enlarged di agramshow ng an output waveformin one:
cycle, * Figure 5 is a diagramshow ng, OV OFF state of. a photocoupl er at
every node operation, Figures 6 and 7 af e operational di agrams showi ng a -
trai‘meaper ation of t tr.qf | I, s RNy S Ne 1P e is a
di agram show ng con?ﬁ‘ ﬁi{%dé'tqa-lo%]%t %%tuﬁ%&%twf‘}rle%&'}:e‘%g{/e?‘ éjlgotﬁegglf_s}&g
~diagram i l;Lust:rati t RSPy WG i digrady seeie out put is obtained,.
Figure 1d'n ?;lg%r'rg'@ie:\] 2?‘2} rrc -circult éc}ifa%ér‘éfn?%lbm%enti ng the circuit -
shown in Figure 1 byiRans of3 t hies @l degd-cifidndy shaMvdrsdmureiddut 13,
~Figure 11 is a hybrid circuit diagramof a nolded device to a conversion
circuit agdeglaiy aecetrddfigodtoerdinsthéfe gubeatinieritnveltt i the prdsante 12
. i1s-a sectional view taken along XII-XIl in Figure 11 showi ng the nol ded
devi ce, "arichverthiron. 13 is- a frequency conversion circuit

The present invention will be described with
reference to the accompanying drawings representing

_preferred



-di agram accordi ng to another enbodi nent of the present .invention. The
present . invention will be described with reference to the acconpanying
drawi ngs . representing preferred = enbodi ments thereof. ‘The illustrated
enbodi nents nerely show preferred enbodi ments of the invention and
directed to a single-phase conversion circuit for the pur pose . of
clarification only, but the present_invention is not limted to the. N
description of the preferred enbodi&ents. Referring first to F|gure (et
showing an electronic circuit of a main part of a single-phase conversﬁbnj
circui t embodinteptistiierdof has The CﬁlhﬁderatedﬁlEﬂbodﬁﬁ%h@%te%eﬂel a
collector termnal of a transistor 2. An ignition <circuit having a

phot ocoslosr * prief armed dembodimentysatef theninabnt@bnt Aadt By kedt@d ko - The
thyristor 1 and the photocoupler 3 are connected to self-bias resistors 4 -
and. 5, &emhar@hase Acomeersionui cihauibg fodri theg puraesiest oof 6 and -

S a photo- ler 7 is provided on a base termnal of the transistor 2.
The traﬁé@éft Asatign onlyr ebutobhecpedsent inMentiobage netnilialited t h
base re stg{s 9 and 8, respectively. A thyristor 10, sinmlar to the

ﬁ£§°§%9t%2ml?¥o %lPEﬁfFrﬁ§§|ﬁ@bédéﬁsﬂﬁeeupler 11 on a gate
term nal . %ﬂuat r| Ior The .thyristor 10 and the photocoupler 11
Care connecte& %E r%glsfbggrES énd5E2W1P€spé6t|@éﬁFtronlc

circuit of a maln part of a single- phase convers1on c1rou1t,"

t hyri st

.a thyrlstor 1 has ‘a cathode ~terminal connected to. a

collector te:minai_of a transistor 2. ‘An ignition circuit

having a photocouole:_B-is provided on a gate tefminal dof
the.thyristor 1.  The thyfistor 1 and the photocoupler 3_are
connected to self-bias resietore 4 and 5, fespeotiVely. a
bias'qi;cuit haying a driving transiétof 6 and a phofo—'

coupler 7 is provided on a base terminal of the traﬁsietor

2. .¢he.transistors'2.and 6 are conneofed at  their oaee:
terminels wiﬁh base resistors 9 and 8, respectively. A
thyristor 10, similar to the tﬁyristor 1, has an ignition - s
circuit having a-photocoupler;11 on a'gate tefminal of .the. : \;f'

thyristorl10. The Lhyrlstor 10 and the photocoupler 11 are
connected with self- blas re51stors 13 and 12, respectlvely._
A-tran51stor_14, similar to-the.tranSistor 2, is connected.
~at its base terminal'with a'biaseoircuit' having a driving
transistor 15 and a-photocoupler 16. The toaosietore 14 and
15 are oonnected at their base terminals with base resistors
18 and-17! respectively. .The thyristors 1, .10 and 'the.
transistors 2, 14 are maintained ON state when the photo-

coupler are ON state.



‘A trdnsistor 14, sinmilar to the transistor -2, is connected at its base
ternlnal with a bias circuit having a driving transistor 15 and a
phot ocoupl er 16. The transistors 14 and 15 are connected at their base

terminals with base resistors 18 and 17, respectively. The . thyristors
1, 10 and the transistors 2, 14 are nalntalned ON st ate when the photo-
.coupler are ON state. A S|ngle phase l'-oad 19 or, for exanple a

si ngh- phase el ectric nmotor and the ki Be~ having: its one end connected to a.
~connection point between the cathode termnal of the thyristor 1 and the

col lecter term ngl difndlhe ghawsixda 12 08N Edheenimgle pra comngréeghasea
<onnecti on .point between a cathode terminal of the thyristor 10 and
a col |-ect Ol YestiH inAlmatfort hend rvesi Kilos, IWavihgaitss amte vehd agennectadt t20
i's provided to generate * - + Vcc voltage which is supplied to the

transi stors a Gonnkhctainmh tiwlphotbeomsrer stie 162 tHdde cobermbnalol ofigethe.
circuit 20 has a rectifying part, a snoothing part and a stabilizing part,
not shown. Ahyetitstiar g and cthe Qgilﬁﬁiﬁxnﬁermkm¢ly¢ﬁgtﬂ$o§§§n§@§t°£032r
204, 205 connected in.thée formof a full bridge. A pul sating vol tage
rectified byiftdné'-}‘r%cqtrh%ﬁ repdisennectad | &0 j prerRedt bek weeknEnB8EVEEPN Ral s
~of the thyristors , 10 and emtter termnpals of_ the tranS|stoi§e2 14.

A two-way pIFRRAR | e‘i‘elﬂ"‘i‘%l cothectR® BRYTEEHOT out Putand 3 ctor

termlnal of the tran51stor 14.

A constant voltage clrcult 20 is provided to geherate

*¥ + Vcc voltage, which is supplied to the transistors 6, 15
and the photocouplers 7, 16. .Thé constant voltage circuit
20 has a rectifying part, a smoothing paft and a stabilizing
_'part, not shown. .
A rectifying gi&cuit 21 has four rectifying diodesHZOZ,
203, 204, 205 connected in the form of a full bridge. A.
pulsating.voltage rectified by thelrectifying circuit 21 is
_impréssed between apode.términals of the fhyristors 1, 10
| aﬁd emitter terminals of the transistors 2, 14.
'ka' o . A two-way photocéuplér 22 is connected between output

fterminals of a utilized AC power source ZOi; An - output of
thé phétocouplef 22 is as illustrated by the item "(b)" when:'
the operating yolt;ge of a light .émitting diode(LED) 206} '
20f.used_§n a photo transistor is taken_inio - consideration,
whereas the item (a) represents_an.output wavéform of the
utilized AC-sburce._ An outﬁut for which.the output-wavefoim
is inverted by an inverter.23; that is, waveférm shown ih
the item'“(c)", is fed to a controlling part 24 (i.é.,

microcomputer or the like). The output correspoads to a



terminals of a utilized AC power source 201. An output of the photocoupl er

22 is as. illustrated by the item"(b)" when the operating voltage of a
light emtting di ode(LED)- 206, 207 used on a photo transistor is taken into -
consi deration, whereaS the item (a) represénts an output waveform of the
utilized AC source. An output for which the output waveformis inverted by

an inverter 23, that is, .waveform shown in the item"(c)", is fed to a~_
controlling part 24 (i.e., mcrocojguter or the like). The output \ff"’
~corresponds: 'to a  -10- zero crods output of the utilized AC power ™

‘source. _The controlling.part 24 cqontyol s. frequency of the power fed -
“to the F5a8 f§°§éb8ﬁ&éﬁf?%<)t_e-éﬁiiﬁﬁﬁﬂwﬁbg?ﬁ% PARBRPNg froma terminal - »
F, lighting t t,q st hyr.i rs, 209 . photp_transistorg 211, 212, -
and photo - #E’f/er r&?tn(%}gﬂg‘féryégf?tgfzs‘% ﬁcgo%%%%g%ou?)l ef’ée%",‘.e’??y -.1?§ ahf® 16
‘t.hr oughpegeRUFLEN + 2 . t. ' out put_ f ' . Reference
num_e‘rgl gogf? fft?gz&ozzifté’érgvoeﬁg%{goc |rng otll%é),-_ 2n fg%ﬁ@%x 23298Rdw

‘capaci t 9homk AgFEH a2 tQfrridifh i Tiand o 96 €A SBnofo BHLAGLERRSCH T ent

output of the rectifying circuit 211 I ndi cates a zero cross ou But_of
the AC pOBEr 230yr gitotol rar ikt 110N P18 put sn@f %HStBhSEH?PEEES‘&% (A3,
ut, an g I ndi

(B)7, (O11, (D16 for obtaining the 60 Hz out p | T cates
a .voltaya,i Epresdedthen ghutdaahleéks 3N 2y rom i nahdl | 16i nenadsdghhag in
o buffer-.25 to determine _an 'oufput;'freqﬁénc§..:Reference
_numeﬁgls 217 - 220 are'reverge-blocking diodes, and 221 'énd
222 show capacitors. | |
In Figuré.z'ofjfie drawing,.(di indicates  a buisétihg
 current output of the réctifyihg circuit 21, (é) indiéétes:a
2er0'crosS_oﬁtput of the AC power source, (f) inﬁicate$  ON
outputs of the photocouplers (a)3, (B)7, (C)11, (D)16 for
obtaining thé 60 Hz outpuﬁ, and (g) iﬁdicates ‘a voltagé
:impressed on the l@ad.19. An arrow iﬁ full line ané thaf in
dottéd line in {(g) ihdicate:_directioﬁs of .the ‘voltage
impressed so as to carry an electric current in the | f}
éirectiéns indicéted by an arréw in full line and that in .  \,1_
dotted line of the load 19_showd;in Figure 1, iespectively,'
That 'ig,'-an electric current flows in the diréctions
indicated by arréws in_Figufe 2 when a voltage is impressed
in the directions indicated by arrows ' in Figure 2. .
Accofdinély; when thaining'the 60 Hz bufput; fhe .direcfion
in which an elecﬁ:ic cﬁrtent is .carried may .be changed
according:to the zero crbssioutput shown in (e). 1In this
case, the.vqitage Same'as a.ratea voltagefbf :the -Aé power

source is impressed on the load.



dotted line in (g) -indicate directions of the voltage inpressed so
as to .carry an electric current in the directions indicated by an
arrowin ful'l line and that in dotted line of the load 19 shown in
Figure 1, respectively. That is, an electric current flows in the
“directions indicated by arrows in Figure 2 when a voltage is inpressed-in
the directions indicated by arrows in -Figure - 2. Accordingly, when
obta&alng the 60 Hz output, the dljecllon in which an electric current
is carried may be changed according to the zero cross out put shomn in

. In th}s t ht t |
(e) n his fﬁg@z Qe Yght ada %ﬁqe1ﬁaléaE@ ehoLe E%&edﬂén EH% = cate.

power source 1S I ssed on the’ I'n Figure 2, (h) an

those f %emawwggealﬂﬁaasgebt aqe 0MRZES $eGurlpu0 e g ey PUindFerniency,
wherein inpression of the voltage is interrupted at tine [err] Tine after a-

zero crogfpregsidnTef iR vbltagants ihtéérupted lalfptﬁﬁe'sr(mﬂ', of rinlehafted hage i's
‘reconmenced. To tinmethereafter at tinme [erir] For i ess- ing such voltage
wavef or gerdncr&Bé ChE taper al(itgn , oknd he€uritdieacoupiprresHior t rafsi sher 2)
will be controlled to the times [err] with the photocoupler (C

(t hyri stvoltsgs.foreeommepted Tgetimeobberealitematitigreo(t)i. neFqredmprassver s a

- hal.f cycle of 60 Hz, and [err] = J[err] in this <case.. Accordingly, the
tine betmeensuFbrrYOl&ﬁGe[eMBPef@EW: b@nENQN/QﬁF(ﬂQH%§§QNQ%t|Q% sﬁbﬁ as

eff|C|encg output and the Iike of the |load 19.
otocoupler (B) (transistor 2) will be controlled to the

times tg , tq , tz , t3 with the photocoupler (c) (thyrlstor

N 11), for example, kept on. The period of time-T1 + T2 + T3
covers a half cycle of 60 Hz, and.T1"= T, in this case.
__Acﬁordingiy, the tiﬁe between T4 and T, may be set on
-zéhéracterisﬁicé suéh-aé'efficiency, output and the like of
| Ehé'load i9.' | | | |
Accordingly, the controlling part 24 comﬁrises_ control-
ling ON states of the.photocqﬁplers (A)3}'(B)7; (C)1i1, (D)16 
sé-as to obtain output waveforms shown ih:Figﬁre ZI(See also
Fig. 1).
/ _ In the cohversion circuit construcﬁed as above, the

- full-wave rectifying éircqit 21, the thyristors.'1, 10 and

: i:_he ‘transistors 2, 14 _are.. contained wilt_hin device 27 (Fig. 11-),
and the length”of the wiring pattern for connecfing the
rectifying circuit 21. and the'.thyristors 1, 10 or the
transistors 2,514'can be _made shorter. Accordingly,; an
effective length that the wiring pattern fuhctions as an
aqtenna "becomes short, thus décreasing a radiation of
electromagnetig noise. Further, a use of the device may _

realize a compaction of the circuit and a miniaturization of



_Abcord[ngjy,.thé controlling-paft 24 conprises control- ling ON states of .
t he photocouplers (A)3, (B)7, (O1l1, (D)16 so as to obtain output maveforns B

- shown in Figure 2 (see also Fig. 1). In the conversion circuit

constructed as above, the full-wave rectifying circuit 21, the .
thyristors 1, 10 and the transister$22~ 14 are contai ned mnthln devi ce

27 (Fig. 11), and the length of the wiring pattern.for connecting the - -
rectifyinGhsnqnnvens;ouumur¢MEt thyristors 1, 10 or the tran5|stor3\2'r
14 can .be 'nade shorter. Accordingly, an effective length that the ~
wiring pattern  furklitde abeye-gesemidiessembodiment offothe frégeency
decre-asin%ém _radiation: of el ectromagnetic noi se. Further, a use . of

“the devi Wﬁﬁ?%qgﬂqtﬁ?%Fﬁoﬁﬁh@ﬂLﬁﬁnSftbﬁerEFFéﬁFFraﬁaeaeﬁ?nﬁaﬂuthQat|cn'
. th Ln th b qd enbodi t of the -
, frequenc§ é%ﬁ%@%éi n© |;C§# Chbgg gﬂgﬁgﬁfhé? Crlaﬁﬂg' egghggg %%ngzg ,

I it ty ff.ect I h
Phara b ithaRi DB SR EE A *ﬁrgua%‘@e%fi%ﬂ%rié‘%m m'f he
SWi t chi ng tglef YRINS; £ 10E 1 5 P0ReAE 2Rl A0 BLoriHY HencHi LANRGE ond

pu i 'ng cu??%ﬁt mnll

~radiation of electronagnetic-nolse ue to a car

be suppregsed, aand dhesnAd | ddienge t cshvr€asEded @n Ogﬁa&aﬁ‘:‘l {roggc .
equi pment can be suppressed. Further, by using Such a device e space
_utilized @&edﬁthﬁgﬁEﬁib ﬁbdse due to a carried pulsatlng current
_w111 be suppressed and thus an 1nf1uence to be exerted on
other electronlc equlpment can be suppressed._ Further, by'r g
u51nq such a dev1ce, the space utlllzed can be 1essened and |
thep e1ectr1c c1rcu1t can also be mlnlaturlzed as a
consequence. | |

| An example of the conversion an an embodiment of
the 1nvent10n w111 be described spe01f1cally. The following
descrlptlon is subject to the frequency of a ut111zed AC

power source belng set into five stages at 60 Hz, 40 Hz, 30

Hz, 24 Hz and 20 Hz.



the ‘electric circuit can also be niniaturized as a consequence. An
exarrpl e of the conversion in an enbodi nent of the invention will be

descri bed specifically. The follow ng description is. subject to the
frequency of a utilized AC power source being set-into five stages at 60

Hz, 40 Hz, 30 Hz, 24 Hz and 20 Hz. Figures 6 and 7 are operational

di agrans for obt ai ni-ng t-he aforementT oh&d~out puts, nanel y operational

Ui agiwans of the controlll art_ 24 shown in Fl yre, 1 represents
data at every frequdn@P ei ﬂ“é riaﬁr\?ol ?855 FrBP'é‘%se 9%%]??%% M i s

det d t f ts
,'cguﬁt mnlrjlﬁt?t.p Cﬁ?"ﬁ* ngt%rgosésfrge% ILSE{ I caﬁ;ﬁ% an eﬁégﬁ%igne peri oﬁ%ds" ;3]1" .
represent 43 | CEEm\ﬁ{e Ot::oBtE?ol'I&gx bi‘rtauhajsﬁowﬂererdFlEﬁi'Te 'f; the

dII‘ECtIOI’l'I an electric rrent is carriled i's

transferrgd i rdpresdhitLddan d@@\fék‘gfctﬂ%qdéiﬁ: rvﬂYéﬁélm\ﬂ‘alxﬂeéﬂ”

"line.to that of the arrow shown in dotted 1ine when reaches a
pr edet er mwatafuininprebsed aid the tuagerns caétgrmgndarawomnrg to

‘transferred fromthe direction indicated by the arrow shown in dotted |i ne
to. that findw By,r @y, shoureflerence character "m" represents a count
number of zZero cross output indi'cating- an end of one period,

" and. "n"



full line when "ni' reaches a predeterntned'count number . Thus, t he

one peri

'0od 1s detected on the count nunber .of zero cross output,

end of

therefore the frequency can be changed in accordance with the zero cross
output at all tinmes. First, starting and constant setting are carried

at step

- term nal.

[err] (F =1, M=0, N=0). A frequency. srgnal applied to th

o Fis sUppIied at step ' S2, and data (m -n, [er]r accordrng to
~the frequency is read  from . the ble of Figure 8 hbxt a presence -

out
e

the zero - cross. output I's detecﬂ d at step S3 so that a flrst node

out put |

all tinmes

{tg.{}ﬁse#@%f sttﬁtcaumgsrsx@%am fode 4, the '. & L O 083, Qb

e zero Cross out 'S present RopR

to shiftpthe nodetpexsredidond gewwhtew B Cletertidd Wl soset ol

[err] Next, "Nferr] n" Is decide

r th

at “step err

out put w@yﬁgfgdnlg ONat hgoadi dg¢s Ok ra f ul n 0s
on the side of arr%w ?n dgtat ed Isr ner( fﬁgggf:"\%g ogkrﬁ)qﬁ}g&decé#%c@l%

"N [ errlingicatddBy fthalairow Sdwnt 18PE1Q 1ine To-tRat(dfNehéalrrd sHREIA Ve

out put)

at step [err}. Accordingly, | node -output (positive output) or
|11 nodetotbeqating eneut Mt frehsheteal Peedet canidlade count rubfbdr Atamddiiden so

generated. The output is kept for the tinme [err] thereafter at Ste
~ Wenevercutwent nearsyipg @itrectioddéd asaNsfelredl fraim tHemif&etiont o
the next node output. Wether the next -node is Il node (positive
out put ) :@dwaxedowe theecgandw, sheyax putc;otted ddnerta tbat f theprrev rspomdnso

_full 11ne when "m" reaches a predetermlned count number. _Thus, .

‘the end of one perlod is detected on the count number of

Zero Cross output, therefore the frequency can be changed in

accoroance w1th the Zero Cross. output at all times., .

put " at

Mand N

step
e

ut) or
when

p- S7.

First, startlng and constant setting are carrled out at :

'step s1 (F =1, M= 0, N = 0). A frequency srgnal applled to-

the terminal F is supplled at step S2, and data (m, n, Tor

T1) accordlng to the frequency is read from the table of

Figure 8. Next, a presence of the zero 'cross output- is

. o §

detected at step S3 so that a first mode output in the .half

cycle can be synchronlzed w1th the zero cross output at all

times. When the zero cross output is. present, "1" gis aoded.“:.

to M and N to shift the mode  next, and a new half cycle-

startlng is set atastep S4. Next "N 2 n" is decided at step '

Sg. That is, whether the output waveform is on the side of

arrow in full line'(positive output) or on the side of arrow

in dotted line: (negatrve output) is decrded, and when "N 2
", the flag is rewrltten to F = 0. (indicating negative
output) at step Sg. Accordingly, I mode output (positive

output) or III mode (negative output) is decided to a vaiue



generated. The output is kept'for the tinme [err] thereafter at step [err].
After the time is up, "lIl." is added as'N= N + 1 at step[err] to the next
mode output. Whether or not” "N [err] n", that is, whether or not the
output is changed to a negative out put |s'decided at step [err] in this
case, and if "N J[err] n", then "F = 0". Whet her | node -“output
(paositive output) or Il node (negative output) is decided  thereafter at
3teﬁ\813 and so gener at ed. Next, "M J[err] nf, that 1is, whether -

not fthe output f.or one period ends 1ar the |ast node of half cycle |s
~~decided at step [err], and when the output for one period is finished,
+, M and Nfatbe ddear mn@e(!:f@sl Bo= genayatedl. grithey eutgput ssepkeptr] fou

. return to step [err], -and when not yet, the node output decided at S13

is kepttbﬁtKnmﬁh€1tMH§HQ§ﬂH?RM?Qtﬁ?%ﬂﬂﬁﬂ(ﬁ(ﬂﬁﬁ%ﬁﬂ%ﬁttgﬁ Fére] is| uPrhe
above- degcri bed enbodi ment, mhether the output is positive or negative is
deci-ded "af" iFh@dded &S Ny N ast! ntfes ¥ePal$8 cyEPe, tARC DREENeMOSE not

th t put d d d

nar 1 cyoPutEtimey e dhe She et incde 45 tmﬁéﬁﬁéﬂaﬁwe "BRER S ot her

f b t nb d t | | ‘ted

N T R 408 O b b, 45 ESECERCB o
bt ai ned th 0 4 b bl

from car Soiiegatda.! Wﬁﬂ"‘% Rt ﬁﬁ‘ﬁgeﬁt‘“ge‘é EnkEparied F‘a‘f tin

the d're%@é$1sfd“m(¥¥f¥¥ éﬁb tlme is up, "1" is added as N = N+

at step s11 to the next mode output. Whether or not - "N

ny -

A2
: '-n_,_that is, whether or not the output 1is changed to a
negetive output is decided at step Sy ih this case, and if
"y 2 n", then "F = 0"-' Whether I mode output (positive
output) or III mode (negatlve output) ls dec1ded thereafter'
 at step Sq13 and so generated. . Next, fM 2 _m Y, that is,
hwhether or not the output for one period ends at the last
hmode.of half cycle is decided at step 314, and when .the o
output for one period is_finished, F,M and N are determined
_ as_f ; 1, M= 0, and N = 0 at step Sﬁs to return to step S»p,
.andiwhen not fet,'the mode output'decided' at 8313 is keptl
' until the time-is up ‘on the zero cross output.et S3.
| .in the above-deecribed'embodiment, whether the .output-
is positive or negative is decided at the first and 1aSt'
'-modesfof half cycle, and whether or not the output for one
period ends is decided at 'every last modes of the helt
_cycle, however, the case where the output frequency is set
to other fregquency than the above-mentiohea_ embodiment is

not necessarily limited thereto.

Figure 9 is a diagram showing a state when 40 Hz output



an arrow in dotted line, that is, naking a half cycle of the output o
~ waveform 1.5 times. ON states of the photocouplers (A), (B), (O, (D in -
" . this case may be controlled as shown by.the itém(j) in Figure 9. As in- -~
the case of item (i) "in Figure 2, a non-current carrying time [err] wll

be ' provided and a nean voltage inpressed on the.load may be regulated to,

‘an efficiency of the load. Itens - (K)’ (1, (m, (n) in Figure.9 ..

i ndi cate out put wavef orms- when out puts %ﬁ 40Hz, 30 Hz, 24 Hz,  20Hz are /7 *

O e n g SRR MR T I A0 e ST H SRR TRE e T

| ke ché . FhOur e 4 | enlarged vigw of th | de
Sour e, T BB CTSlas FYONE o el gl 000 MBS BRSPS ET
Uoce) po erbhs Vsl o A g8 5y 0o L0, o oTREL 06A 0P
.states of 't | | Ty h. +f 1418 can, bes: L4 ed | L '
oo, LB it gl yencl S BRI £ o2 #0chEA8 Lerte

‘status rEfébuﬂﬁ%t|ﬁd¥efoﬁﬁ-1ngtiﬁééystéﬁﬂéﬁﬁkegsofth@ﬁe’fBﬁotBEE@&ﬁEQ%
60 Hz output, however, when conpared wi th other frequency outputs shown

~in Figure 9,(ahhe (B)e () f efertid this tdesd imey ase [ €sntropt Bt hakandinggn
~that - the output - frequency. varies. Accordingly, different frequency
~outputs wil byb&heotittimaly ke in Filgire 9. As in the case of item (i) in
H | Figure 2, a non-current carrying timé-io wili be 'prévidéd'
and a mean vblté§é impressed on fhe'lbad may'be'teguiéféd‘to__kHJ
. an efficiency of the load. Items (k), (1), (m), (n) in
' Figﬁre's indidaté'output waveforﬁs_ﬁhén cﬁtpﬁts;Of'4OH£, 30
Hi, 24 Hz, 20Hz ére'obtéineﬁj réspeCtiQély.l | o
To obtaih_ﬁarioﬁé fréqﬁendy qttputs sh6Qn_in Figﬁre 9;
a combination:of'waveforms in 6he Cycie_éf the.'utilizea AC
power source-méy-bg changed. Figﬁré 4'is'én-énlarged- view
of the Oﬁe'CYCle (see item (i) iﬁ.Fig.' 2), wheféin'.if' a “
current carrying time to the load is Tq and a non-current
icarrYing timé is Tp (thé gforementioned'time)"then.thé_;one _g;/
éycle can be divided into T4 e'To »lT1 »'T{ ¢ To'e-T1,.éﬁd a |
 combination of ON states of thé pﬁotbéoﬁﬁier at each time-
c¢an be classified into I ﬁbde aiii'ﬁode  » III mode ¢-'IV'
"‘mode > III modé*(for eééh mode status fefei to Fié. 5).
The' illusf:atidn is that  for 6btaining_ 66‘ ﬁzi.oﬁtput,
‘however, when compared with other freéhenéy outputs shown in
figure.si the time is repeated ail the'time“as T4 %in - T1:
notwithstandihg that. the :output i'frequenCy : variés. “u '}

Accordingly, different frequency outputs will be obfainable



~.-sourceé for

by changi ng an output order of | npde to |V node. For exanpl e, when
obt ai ning 40 Hz output, the node comes in I[err] Il [err] | [err] | [err]
Il [err] 111 . LI1 [err] = I'V[err] IIl (for one period), while the
tinme is as [err] (for one period). In this enbodinent, since arns with a.
cat hode term nal of the thyristor connected to a collector termnal of the
transistor are connected in parallel |Frto two circuits, and a -
%i ngle- phase load i s connected between nodes of the cathode terninal and
the Col | edtyr chengiingl ai eatpusir mrder cafr iednsde r €ot TWnwobakled byr the
thyristor is chopped by the transistor and an. output of the half cycle can

be di vi decP¥ampler whenrebtaining 4AcBaroutpiy, the npdeacowes innilar to
~the case _where the circuit __is configured entirely by transistors is
obt ai nabl et®vEnit Porh dBi hf ~t Bfdi st FEL ~*ak¥ ~t Add ¢ enstperdod) be
" reduced si gnj iqegtlg.b% using %he thyristors and_an i ndependent power

Tt ttPCul® BBcOnet Tntelestafy~ado comaredivittFo thd&:

transistors,.1h Si [ fying the circuit. Figure 10 shows an electronic
circuit whic éh%ies%%ié%ghge,i n layout fromthat of Figure 1. In Figure

10, the thyristors 1In 1%hi@eeﬁ£§3§ﬁ§§9rsi%ihnéé’ aggﬁ%m;##%\é%\éﬁ?égﬁéafﬁﬁng

circuit 21 and a tenperature sensor Wh ar e . .
ol ded and&APAIRL e WRE! thir PAEGE fed 'to 3 bofTOSLEL EGRIRLEC! N
part 26 outputs a signal to the controlling part 34 to a current carrying
~ to the | oask whgie t RedrfiRAicY UgdleiRnnddty t e tBAPSI ALY €into  two

~circuits, and a single-phase load is connected between nodes

\,./ ' .'°,f the cathqde telf:minal and the collector 'tei'minai 6f eaéh'
arm, a car:_:'ied cui'rent controlled by the thyri_'s'tOr is
cho_pped by ‘the  transistor and: an output of the half cycle .
ca_ril 1_:oe divided ,'at" every plural fime. _ Accordingly_, ‘an
Qp'eratio'n similar to the case where the circuit  is
configured e.ntii:'ely_ by transistors is obtainable even from

. using {:hyr.istors, and thus the cost can be reduced
signi'ficantly " by using the thyristors and an in’dependeni:
'IIpéwer' source for ignition circuit becomes unnééeSsary as

o/ _ compared with the tranSist_ors,- thﬁs simplifying the ciréuit.

Figufe 10 shows an electronic _dircui’t which has

sbme change in layout from'th‘at.of Figur’e_l.' In Figure 10,

"Ehe-' thyfistoifs 1, 10, the-tra‘nsiét._o’ts_ 2, 14, 'the full-wave
'r'ecti'fyin.g circuit 21 and a temperature sensor 28' which afe

~shown in Fig'ure_ 11 are molded and separated within a single

' - module 27. A temperatﬁre protecting part 26 outputs a-

- sighél to fhe__conﬁrblling paft 24 to a current carryimj to

‘the load when the temperature déteci:ed by the temperature.



sensor 28 connected through terminals 3, 3 reaches a predeternined ‘
tenperature. Figure 11 is an internal circuit diagramof the nolded device

- 27 connected to ternmnals 1 to 12 shown in Fidgure 10. The.thyristors 1
~and 10.can be replaced by transistors 109, 110 as illustrated in Figure
-13. In Figures 11 and 13, reference nuperals 101-104 represent reéctifying

- di odes and 105- 108 represent reverse~blideki ng diodes. Figure 12 is a . . -

~longitudinal sectional view of the nolded device 27 shown in Figure 11. ~fh *

Fi gure 12 senfexievidcecopneciedanthraughat terminaler 3o & _aﬁ'eélcg‘ﬁsni am

- Substrate 29;'a.mﬁrqu pa%tern gl on the insulation layer 30, a chip 32 of
the transiReteterpined LePReEALULCA (i ng outwardly for connection with

‘external .electrical t . .34 S Ui L het i
Tesin i Cerm nal oiiaRES Tat Ll e L b 8RB e Tl it d Bt VAL PEbRT || o
ina . - - . d . j N{ ug t e 29 Wil

the i manddfidEcastigel Y7 cofbBeead 880 calall M UELS U 2 22n N1 ©

the draw rtgﬁ{u%é hibef er epee twyPistorsed di@diBeisn- bk _\Méﬁlé}.gewnéwst ood
SKI . -

‘by those l'ed in the art that various changes nay be rmade an

 equi val entisrdwwidecssbsidg ut ad of oasel ENRtrited edh | Rigager demce Wrhh
applications and technical field to be applied w thout departing fromthe
~ scope thﬂ&gﬁrysnmxxmnd 13, reference numerals 101-104 represent
. " rectifying di_o_dé_s and 105-108 represent reversé-blocking
diodés, |
o -Figﬁre_lz is a longitudinal sectional view of the
‘molded device 27.shown_in Figure 11. 'In-Figure'lz; the
| device 27 has an__insulation ”layer 30 on an _aluminium'
.substrate-zs, a wiring pattern 31 on the_ihsulatiOnllayer
30,_a'chip 32 of the‘ﬁransiStor,.a lééd ﬁire.33-éxtending
outwardly fo:.connéctibn with'éxternal electrical elements
-an outer frame 34 of a éuitéble synthétic fesin,-a terminal_f
301 and a filler 35 Qf'g suitable synthetic.resin, filled in
a spaée between the outer frame 34 and the. aluminium
substrate 29. ' .". .,:: | LN
' While the invention has been described in the |
"5pe¢ification and_illustfated'in the'drawings-with_reference
to preferred embodiments, it willlbe understood by those
skilled in the art that.various,chanQes may be made and
equivalents may be substituted for elements theréof in
adcordancé with applications and fechnical field to'_be
'applied without dépafting from the sdqpe.of the invention.

In addition, many modificatidns may be made to adapt a



| n addition, many nodifications may be made to adapt a parti cul ar ,
situation or material to the teachings of the invention w thout departing
from the essential - scope thereof. The present Application was-divided
~from U K Patent Application No. 8826674 (publication No. 2212677A) which
.relates to an electric circuit for  supplying controlled- -frequency
el ectrical power to a | oad. *C -4I9™M S * CLAIMS 1. A
~tircyit nodule nolded by electrically insulating material for supplying
~ variably ceartbtubarf sddvatdpre|ext mptepdadr o the okeachipgssiof: the
substrate plate of thernally conductive material having output termnals
f or supply+%ﬁe%Fb€PrL31§BﬂB¥ t GePRXF inGad foathutther #$28RL13L  EEEPRI ng
- A.C. power,for an A . C. power source; signal termnals for receiving:
OV OFF swWi®ReRG-signals; and el ectrical conductors connecting said output

terminals, input tergnals Qe ARAh SRITIR! GakO d ARG SIS . RieT el N
Patent Application No. 8826674 (publication No. 2212677A)
- which relates to an electric circuit' for supplying

' _contro11ed frequency electrical power to a load;'

\,/

o/



said circuit includes: .a convertlng circuit neans. conpri sing a pIurallty
of rectifying diodes electrlcally connected together for rectifying said. ’
A.C. power received via said input -termnals, ‘and a bridge cirfculit neans, .
l.ocated adjacent to and coupled with said conver, s by -
~electrical conductors, said bridge cireuit rreans”gﬂmmu“" p"‘rﬂmrl ng means
being nolded in said circuit nodul e; -a2® said brixdge crrcu
conpri-sing a plurality of sem conductor switching el enents connected i.n ngf
bridge f@LAEMSr switching ONV OFF in response to said swtching signals:’
received viia said signal term nals, wherein, when switching signals are .
~supplied to-said signal termnals by a predetern1ned ON/ OFF conbi nation for -

~obtaining electric_power af desired frequenc a_rectified output fromsaid
'convertllrrg_, circuid fRZfuits module. "t‘ﬁ%‘?é] g)?e&%%ﬂté'lﬁaé&m dngydatisg

| sai d de q satd _ele 0 ied _from, sa!d

~ output é%%l g ?%Psmqféiy varlaﬁiy R°PEFM§1F é& Xr GLRGEEdC
_clalnll wid &S SORLhSLAY r&ggﬁﬁtature sensing . neans adjacent to.
~.said. CIF%UIt sai d tenperat re - sensi.ng means heing nol ded with the '

ST oS S S eueer bty SRR e
swi t chi ngaﬁ@eahapate ﬁé’z&ﬂﬁr&&l@r Sor supplying electrlc power to said
| load; | '
input terminals for'receivihg A;C. power for aﬁ-A.C.
' power source; |
'signal' términalé for ;eceiving bN/OFF switdhing
signa_ls-; énd : . |
-electrical.. conductors con-necting éaid output terminals,
1nput termlnals and signal terminals to form a circuit, whereln'
- said circuit 1nc1udes' a converting circuit means comprlslng a.
plufaiity of rectifying diodes electrically connected'together'
for rectlfylng'sald A.C. power received via said input termlnals,
and a bridge c1rcu1t means, located adjacent to and coupled with
.sald converting c1rcu1t means by electr1cal conductors, sald-_ N/
bridge ciréuit means and said converting means beiné molded in
-said circuit module, and said bridge circuit means comprising a
plurality of semiconductor. ;witching elements coﬁneéted in é
brldge form for sw1tching ON/OFF in response to said sw1tch1ng |
=51gnals recelved v1a said signal termlnals,
_ wherein, when switching signals are supplied to said .
signal 'terminéIS' by a predetérmined. ON/OFF dbmbination for
| obtaining electric power of desired freéuency, d.rectified output

from said converting circuit means is



4. A circuit nodul e nol ded by electrically insalating materiar —for

supplying variably controlled frequency electric po
conprising: a substrate plate of  thermally conductive \rlmmmmnmﬂ”im i ng
a circuit thereon, wherein said circuit conprises: a converwing Ccsr t
means. conprising-a plurality of rectifying diodes electrically connected
together for rectifying an A C pouweryy and a bridge circuit nmeans,
{ocalgd adjacent to and coupled with sard converting circuit nmeans by neans
of etectrigphnspBEHEROiHtoSad tedt HoepehesUbE RARS ok Séd d reeguehtyng
eircuit nmeans being nolded in said nodule, and said bridge circuit neans
€0Npri si ngaadpl s4adi ta1eét ol 85, pdwer ofisaisthppliediaron t waitr apaitpuer s or
a thyristor and transistor connected in series so that an electric current
-22- térmifials ko sald lo8d. * flows in a sanme direction, wherein,
‘when switching signals are supplied via signal terminals of said circuit .
nmodule to said .two transistors or thyristor and transistor by a
predet er mi ned .ON OFF _conbi nation for obtaining electri.c power of desired
frequency,2a rectifi 8d GHHGHAT f PRSI RCCHOTFEMNY nkP cPddd™ heak¥riher |
transfornmed into el ectric power of said.desired fregHsncg %nd said _electric
pover is sGpPPréding sEFEPEERuUrs sSensingy REAPS ¢ ARBAGFE “nolt@ed SBy<
'eleCtrlcaléerG§%Lag£¥b temperature sensing means being molded with
the electrically insulating material together with said

- bridge circuit.

'3, .A.circuit'mpdulé accordihg té claim 1.or 2 whérein
saidlsemiconductor switching elements aré transistoré. |
4. A circuit module molded by electridaliy insuiating
material -~ for supplying variably controlled fréqﬁency

 electric power to a load COmprisingz | |

a substrate plaﬁe of thermally.conduCtive material
for mounting a circuit thereon, | |
U,

- wherein said circuit comprises: a converting
.circuit means comprising a plurality_of_rectiinng diodes_
electriéally: connected together for rectifying an A.C.
.powér, and a.bridge circuit.means, 1océted adjacent to and
: coﬁpled. with said converting circuit means by means of
eléctricél cbnductors, said bridge circuit means and.Said
. converting circuit means being.molded in said module, and
éaid bridge circuit means comprising'a plurality_bf arns,
two 6f said arms having tﬁo transistors.o; a thyristor and

transistor connected in series so that an electric current



W

mat eri al -

for supplying. variably controlled" frequency electric pomer ‘to

a load substantially.as herein descrlbed Mﬁth re#e+enee—Lo—ELguLes_1l and

12 or Figure 13 with reference to Figu

1 : .
6 g G semann aren s i

- 22

flows in a same7direction,

whereln, when sw1tch1ng 51gnals are supplled via

51gnal termlnals of sald circuit module to said two

tran51stors or thyristor and tran51stor by a predetermlned -

ON/OFF comblnatlon for obtalnlng electrlc power of desired

.frequency, a rect1f1ed output from sald convertlng circuit
'-means.ls-transformed ;nto electrlc power of said d351red

'freqﬁency and said_electric power is_supplied to said load.

5. . A circuit module molded by electrically insulating

material for supplylng variably controlled frequency

electrlc power to a load substantlally as hereln descrlbed

with reference, to Flgures 11 . and 12 or Figure 13 with
' reference to Flgure 1 or Flgure 1 and any of Flgures 2 to 10

of the accompanylng draw1ngs

'



